PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 2001-035824 
(43)Date of publication of application : 09.02.2001 



I 

(51)Int.CI. 


H01L 21/304 






B08B 3/08 






B08B 3/12 




r 

(21 Application number : 11-206105 


(71)Applicant 


MATSUSHITA ELECTRONICS INDUSTRY 






CORP 


(22)Date of filing : 21 .07.1 999 

1 — 1 


(72)Inventor : 


YAMAGUCHI TSUNEO 



(54) METHOD OF CLEANING SUBSTRATE AND APPARATUS FOR CLEANING SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a low-temperature cleaning 
method for semiconductor substrates, whereby the apparatus can 
be downsized, a high-concentration chemical solution is 
economized, the amount of pure water consumed is reduced, and 
mutual contamination is caused less. 

SOLUTION: The apparatus comprises a rotatable substrate placing 
table 5 onto which a substrate 1 is fixed, means 2 and 6 for purging 
an aqueous solution of dissolved hydrogen prepared by adding 
hydrogen gas to pure water onto one surface of a substrate 1 , 
ultrasonic wave supplying means for supplying ultrasonic waves to 
the purged aqueous solution of dissolved hydrogen, and pure water 
purging means 3 for purging pure water onto both the surface and 
backside of the substrate 1 . By purging the room-temperature 
aqueous solution of dissolved hydrogen to which ultrasonic 
vibrations are applied onto the substrate 1 , particles and 
contaminants on the substrate 1 can be removed by the micro- 
bubbling effect of hydrogen. Since this can be done at room 
temperature, contamination caused by the evaporation of a 
chemical solution can be reduced. Further, the traditional batch 

dipping system wherein substrates are dipped into a chemical solution is replaced with a single wafer 
cleaning system, whereby the amount of the aqueous solution of dissolved hydrogen and pure water 
consumed can be reduced, and the apparatus can also be downsized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The substrate washing approach which includes the process which carries out the regurgitation 
of said dissolved hydrogen water to the front face of said substrate, and the process which removes 
discharge and said dissolved hydrogen water for pure water to said substrate, impressing a supersonic 
wave to the dissolved hydrogen water which was made to rotate a substrate and added hydrogen gas to 
pure water. 

[Claim 2] The substrate washing approach according to claim 2 that the hydrogen concentration of 
dissolved hydrogen water is 1.0-1.5 ppm. 

[Claim 3] The substrate washing station equipped with the pivotable substrate installation base where a 
substrate is fixed, the dissolved hydrogen water regurgitation means which carries out the regurgitation of 
the dissolved hydrogen water which added hydrogen gas to pure water to one front face of said substrate, 
and an ultrasonic supply means to supply a supersonic wave to said dissolved hydrogen water which 
carries out the regurgitation. 

[Claim 4] The substrate washing station equipped with the pivotable substrate installation base where a 
substrate is fixed, the dissolved hydrogen water regurgitation means which carries out the regurgitation of 
the dissolved hydrogen water which added hydrogen gas to pure water to the front face and rear face of 
said substrate, and an ultrasonic supply means to supply a supersonic wave to the dissolved hydrogen 
water which carries out the regurgitation to the front face and rear face of said substrate. 
[Claim 5] The substrate washing station [ equipped with the pure-water regurgitation means which carries 
out the regurgitation of the pure water to the front face and rear face of a substrate ] according to claim 4 
or 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate washing approach about washing of a semi- 
conductor substrate, and a substrate washing station. 
[0002] 

[Description of the Prior Art] Although washing before oxidation / heat treatment of a semi-conductor 
substrate, and film deposition etc. to perform has various things, it has the washing method of the style 
which packs dozens of substrates called an RCA process as what is generally used widely, and is dipped in 
batch. The washing method of this RCA process is explained as an example of the conventional technique, 
referring to a drawing. 

[0003] Drawin g 2 is drawing showing the general configuration of a series of cleaning tanks used for an 
RCA process. A flush tank puts in a high concentration drug solution (ammonia / hydrogen-peroxide- 
solution mixed liquor, or a sulfuric acid / hydrogen-peroxide-solution mixed liquor), uses it by heating at 
high temperature (usually 70 degrees C - 80 degrees C or 130 degrees C - 140 degrees C), and each flush 
tank is distinguished with the washed ingredient matter formed on the semi-conductor substrate. For 
example, 8 is the mixed drug solution tub of the organic substance, and a sulfuric acid/hydrogen peroxide 
solution (130 degrees C - 140 degrees C) aiming at metal removal, the organic substance — for example, 
Usher — the second half of processing — a conductor — the resist remainder which remained to the 
substrate corresponds. It is an aiming at chemical oxide removal fluoric acid [ 9 considered as the rinse 
tank after drug solution processing, and / 10 ] tub. Chemical oxide says the thin oxide film which grows up 
to be a front face here, when a semi-conductor substrate is processed with drug solutions of an oxidizing 
quality, such as a sulfuric acid/hydrogen peroxide solution. 

[0004] 1 1 is a rinse tank after fluoric acid processing, and, as for an aiming at chemical oxide removal 
fluoric acid [ the mixed liquor tub of ammonia / hydrogen peroxide solution / pure water (70 degrees C - 
80 degrees C) aiming at the particle removal in which 1 2 adhered to the semi-conductor substrate front 
face, and 13 considered as the rinse tank after drug solution processing, and / 14 ] tub, and 15, the last 
rinse tank after fluoric acid processing and 1 6 are the spin dryers for desiccation. 

[0005] With the configuration of drawin g 2 , it can divide into two washing processings generally. One is a 
process which it begins from processing by the flush tank 8, and the process and others which remove and 
wash the contamination on the semi-conductor substrate front face finished with a flush tank 1 1 etc. begin 
from processing by the flush tank 12, and is finished with a flush tank 15 and which mainly performs 
particle removal. Although various kinds of ** are arranged in as explained above, the sequence put in 
order in consideration of the class of semiconductor device, the washing purpose, operability, etc. is 
changed suitably. 
[0006] 

[Problem(s) to be Solved by the Invention] However, by the above washing methods, there were the 
following troubles by arranging much these using a flush tank. 

[0007] (1) In order to put a high concentration drug solution into a flush tank and to always hold under an 
elevated temperature, when the flush tank which adjoins the ** by drug solution evaporation from an oil 
level etc. is polluted or a semi-conductor substrate is left near [ the ] the flush tank, possibility that a 
substrate front face will be polluted with a steam is high. Contamination especially by ammonia poses a 



concrete problem. (2) Moreover, there is a fault that drug solution consumption is large. This becomes 
remarkable when a semi-conductor substrate diameter[ of macrostomia ]-izes, and the capacity of 
serves as 281. of medicine a 6 inch substrate's processing case. (3) For the evaporation drug solution 
exhaust air described above, a large-sized exclusion facility is required, and it becomes cost quantity. (4) 
Since the capacity of a flush tank is large, there are also many amounts of the pure water used for rinsing 
by the overflow after each drug solution processing as 1 **** 30 L/min. (5) Moreover, since it has a drug 
solution tub / rinse tank, and each processing tub, equipment becomes large-sized and the occupancy area 
in a clean room also becomes large. 

[0008] Therefore, the purpose of this invention is solving such a trouble, attaining the miniaturization of 
equipment, saving a high concentration drug solution, reducing the amount of the pure water used, and 
offering the substrate washing approach and substrate washing station about the low-temperature washing 
approach of a semi-conductor substrate with still less cross contamination. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the substrate 
washing approach of this invention according to claim 1 rotates a substrate, and it includes the process 
which carries out the regurgitation of the dissolved hydrogen water on the surface of a substrate, and the 
process which removes discharge and dissolved hydrogen water for pure water to a substrate, impressing a 
supersonic wave to the dissolved hydrogen water which added hydrogen gas to pure water. 
[0010] Thus, the particle on a substrate and a pollutant are removable by rotating a substrate, and carrying 
out the regurgitation of the dissolved hydrogen water of the ordinary temperature which gave supersonic 
vibration to a substrate, since the process which carries out the regurgitation of the dissolved hydrogen 
water on the surface of a substrate, and the process which removes discharge and dissolved hydrogen 
water for pure water to a substrate are included impressing a supersonic wave to the dissolved hydrogen 
water which added hydrogen gas to pure water. At this time, while many microbubbles occur very much [ a 
dimension with the hydrogen detailed in an operation of a supersonic wave which was dissolving especially 
on the substrate ], the radical of hydrogen occurs. Since dissolved hydrogen water exists also around 
contaminants, such as a particle / organic substance, a metal, etc. on a substrate, the microbubble of 
hydrogen, a hydrogen radical, etc. are made to the surroundings of a contaminant by this micro bubbling 
effectiveness, and it is thought that lift-off removal of the contaminant is carried out by this. Since this is 
made in ordinary temperature, contamination by the drug solution steam is reduced. From the batch 
immersion method immersed in a drug solution, the amount of dissolved hydrogen water and the pure water 
used can be reduced by making it the washing method of single wafer processing to a substrate still like 
before, and the miniaturization of equipment is also attained. 

[0011] In claim 1, the hydrogen concentration of dissolved hydrogen water of the substrate washing 
approach according to claim 2 is 1.0-1.5 ppm. Thus, the micro bubbling effectiveness of hydrogen improves 
because the hydrogen concentration of dissolved hydrogen water sets to 1.0-1.5 ppm. That is, when the 
hydrogen concentration of dissolved hydrogen water is 1 ppm or less, an elimination factor worsens due to 
the amount of radical formation, and a high pressure is needed for making it dissolved at the time of 1.5 
ppm or more. Moreover, since the particle removal engine performance will also be in a saturation state, 
the need of the concentration of 1 .5 ppm or more is lost. 

[0012] The substrate washing station according to claim 3 equipped the dissolved hydrogen water which 
carries out the regurgitation of the pivotable substrate installation base where a substrate is fixed, and the 
dissolved hydrogen water which added hydrogen gas to pure water to the dissolved hydrogen water 
regurgitation means which carries out the regurgitation to one front face of a substrate with an ultrasonic 
supply means to supply a supersonic wave. 

[0013] Thus, the low-temperature washing method and ultrasonic supply means using a dissolved hydrogen 
water regurgitation means are provided, and since the dissolved hydrogen water which supplied the 
supersonic wave was breathed out on one front face of a substrate, even if it does not use a high 
concentration drug solution like before, removal of the particle on a substrate and a pollutant can be 
performed. For this reason, a substrate front face is not polluted by high concentration drug solution 
evaporation etc. And in addition to this, a substrate is not further immersed in a drug solution like before, 
but since one substrate is made to breathe out dissolved hydrogen water at a time, the amount of the drug 
solution used is sharply reducible. Moreover, the miniaturization of equipment is attained in addition to this, 
and the throughput of washing is also improvable. 



[0014] The substrate washing station according to claim 4 was equipped with the pivotable substrate 
installation base where a substrate is fixed, the dissolved hydrogen water regurgitation means which carries 
out the regurgitation of the dissolved hydrogen water which added hydrogen gas to pure water to the front 
face and rear face of a substrate, and an ultrasonic supply means to supply a supersonic wave to the 
dissolved hydrogen water which carries out the regurgitation to the front face and rear face of a substrate. 

[0015] Thus, the low-temperature washing method and ultrasonic supply means using a dissolved hydrogen 
water regurgitation means are provided, and since the dissolved hydrogen water which supplied the 
supersonic wave was breathed out at the front face and rear face of a substrate, even if it does not use a 
high concentration drug solution like before, removal of the particle on a substrate and a pollutant can be 
performed. For this reason, a substrate front face is not polluted by high concentration drug solution 
evaporation etc. And the amount of the drug solution used is sharply reducible by making it the double- 
sided washing method of single wafer processing which makes one substrate breathe out dissolved 
hydrogen water at a time rather than immersing a substrate in a drug solution like before further in addition 
to this. Moreover, the miniaturization of equipment is attained in addition to this, and the throughput of 
washing is also improvable. 

[0016] The substrate washing station according to claim 5 was equipped with the pure-water regurgitation 
means which carries out the regurgitation of the pure water to the front face and rear face of a substrate 
in claims 4 or 5. Thus, since it has the pure-water regurgitation means which carries out the regurgitation 
of the pure water to the front face and rear face of a substrate, the dissolved hydrogen water which was 
used at the washing process and which remains is removable. 
[0017] 

[Embodiment of the Invention] The gestalt of implementation of this invention is explained based on 
drawin g 1 . Drawing 1 shows the sectional view of the semi-conductor substrate washing station of single 
wafer processing used when enforcing the substrate washing approach of the gestalt implementation this 
invention. The washing approach of the gestalt this operation is the approach of washing using the liquid 
fundamentally called the dissolved hydrogen water which dissolved hydrogen gas in fixed concentration into 
pure water. As for hydrogen concentration, it is desirable that it is 1.0 to 1.5 ppm. The dissolved hydrogen 
water regurgitation nozzle which 1 possesses a semi-conductor substrate, and 2 possesses an ultrasonic 
supply function, and carries out the regurgitation of the pure water on the surface of a substrate in drawing 
i , and 3 are the pure-water regurgitation nozzles for rinses possessing an ultrasonic supply function, and 
4 is the object N2 for desiccation. A gas regurgitation nozzle and 5 are the substrate installation bases 
which fix a semi-conductor substrate, i.e., the chuck section. The thing of a semi-conductor substrate for 
which the chuck section 5 rotates a center section as a shaft mostly is possible. The nozzle for semi- 
conductor substrate rear-face washing in which 6 has the capacity which a supersonic wave is made to 

and 7 are processing chambers. The dissolved hydrogen regurgitation nozzle 2 and the nozzle 6 for 
semi-conductor substrate rear-face washing carry out the regurgitation of the dissolved hydrogen water 
which added hydrogen gas to pure water to the front face and rear face of a substrate. In this case, the 
nozzle 6 for semi-conductor substrate rear-face washing can carry out the regurgitation of the pure water 
to a substrate rear face apart from dissolved hydrogen water. Although the source of an ultrasonic 
oscillation is not illustrated, it is located in the location distant from the dissolved hydrogen water 
regurgitation nozzle 2, the pure-water regurgitation nozzle 3, and the nozzle 6 for rear-face washing, and is 
connected with these nozzles. 

[0018] The actuation and the washing treatment process of a semi-conductor substrate washing station 
which were constituted as mentioned above next and which use dissolved hydrogen water are explained. 
First, if the semi-conductor substrate 1 is set to the chuck section 5 in a chamber 7, rotating the semi- 
conductor substrate 1 by 500rpm, from the regurgitation nozzle 2, the front face of the semi-conductor 
substrate 1 was able to be beforehand decided with the amount discharge of requests, and time amount 
washing of the dissolved hydrogen water with a hydrogen concentration of 1 .2 ppm of the ordinary 
temperature (25 degrees C) which was able to give the supersonic vibration of 1.6MHZ will be carried out. 
The period of this process and the dissolved hydrogen water regurgitation nozzle 2 are reciprocating the 
between from the core of the semi-conductor substrate 1 to a periphery at least on the front face of the 
semi-conductor substrate 1, and dissolved hydrogen water hits the whole front face of the semi-conductor 
substrate 1 together with rotation of a substrate. 



[0019] On the semi-conductor substrate 1 , in an operation of the supersonic wave with which the 
hydrogen which was dissolving was added to the regurgitation nozzle 2, while many microbubbles occur 
very much [ a detailed dimension ], the radical of hydrogen occurs especially in this process. Since 
dissolved hydrogen water exists also around contaminants, such as a particle / organic substance, a metal, 
etc. on the semi-conductor substrate 1, the microbubble of hydrogen, a hydrogen radical, etc. are made to 
the surroundings of a contaminant by this micro bubbling effectiveness, and it is thought that lift-off 
removal of the contaminant is carried out by this. That is, with the gestalt of this operation, the cleaning 
effect of the semi-conductor substrate 1 is acquired with the dissolved hydrogen water with which the 
supersonic wave was added. At this time, the rear face of the amount discharge of requests and the semi- 
conductor substrate 1 also washes dissolved hydrogen water with a hydrogen concentration of 1 .2 ppm to 
coincidence from the fixed nozzle 6 for rear-face washing whose rear-face side of the semi-conductor 
substrate 1 was also made to **** supersonic vibration of 1 .6MHZ(s) to coincidence. Moreover, when the 
hydrogen concentration of dissolved hydrogen water is 1 ppm or less, an elimination factor worsens due to 
the amount of radical formation, and a high pressure is needed for making it dissolved at the time of 1.5 
ppm or more. Moreover, since the particle removal engine performance will also be in a saturation state, 
the need of the concentration of 1 .5 ppm or more is lost. Therefore, hydrogen concentration was set to 1 .2 
ppm with the gestalt of this operation. 

[0020] While rotating the semi-conductor substrate 1 by 1000rpm after an appropriate time, the dissolved 
hydrogen water which carried out the amount regurgitation of requests of the pure water for rinses, and 
used it for the semi-conductor substrate 1 at the washing process from the pure-water regurgitation 
nozzle 3 and the nozzle 6 for rear-face washing and which remains is removed. The period of this process 
and the regurgitation nozzle 3 are reciprocating the between from the core of a semi-conductor substrate 
to a periphery at least on the front face of the semi-conductor substrate 1, and the pure water for rinses 
hits the whole front face of the semi-conductor substrate 1. Then, it is the object N2 for desiccation from 
the regurgitation nozzle 4, rotating the semi-conductor substrate 1 by 1500rpm. After drying the front face 
of the discharge semi-conductor substrate 1 for gas, the semi-conductor substrate 1 is removed and it 
takes out from the chuck section 5 from the processing chamber 7. 

[0021] As explained above, dissolved hydrogen water washes the washing approach of the gestalt this 
operation first. By this approach, all pollutants, such as a particle on a semi-conductor substrate, the 
organic substance, and a metal, are removable with one kind of dissolved hydrogen water, and since a 
semi-conductor substrate front face sees atomically and hydrogen termination is carried out with carrying 
out at a room temperature moreover, and hydrogen gas, chemical oxide hardly grows. It becomes 
unnecessary therefore, to remove the above-mentioned oxide using the fluoric acid which was the need 
conventionally. Moreover, it cannot be overemphasized that neither the hydrogen peroxide solution which is 
the conventional high concentration drug solution, nor ammonia, a sulfuric acid, etc. almost have the need. 
[0022] Moreover, since a room temperature and dissolved hydrogen water wash, steams, such as ammonia, 
do not occur, but the contamination to the drug solutions which were problems conventionally, or a semi- 
conductor substrate from a drug solution can be prevented, and a large-scale exhaust air facility does not 
have the need, either. 

[0023] Furthermore, since it is the single-wafer-processing processing which performs washing for 
removing a pollutant with the gestalt of this operation, and a rinse for every one semi-conductor substrate, 
the amount of the drug solution for washing or pure water is made to about about 1 / 1 0 as compared with 
the conventional batch immersion method. An advantage — in connection with this, since the various flush 
tanks with a large capacity are unnecessary, equipment itself can be miniaturized, and occupancy area of 
an installation can also be made small — is large. 

[0024] In addition, although the rear-face washing leaf nozzle serves as the pure-water regurgitation 

nozzle, it may be constituted separately. 

[0025] 

[Effect of the Invention] Impressing a supersonic wave to the dissolved hydrogen water which was made to 
rotate a substrate and added hydrogen gas to pure water according to the substrate washing approach of 
this invention according to claim 1 Since the process which carries out the regurgitation of this dissolved 
hydrogen water on the surface of a substrate, and the process which removes discharge and dissolved 
hydrogen water for pure water to a substrate are included, the particle on a substrate and a pollutant are 
removable by carrying out the regurgitation of the dissolved hydrogen water of the ordinary temperature 



which gave supersonic vibration to a substrate. At this time, while many microbubbles occur very much [ a 
dimension with the hydrogen detailed in an operation of a supersonic wave which was dissolving especially 
on the substrate ], the radical of hydrogen occurs. Since dissolved hydrogen water exists also around 
contaminants, such as a particle / organic substance, a metal, etc. on a substrate, the microbubble of 
hydrogen, a hydrogen radical, etc. are made to the surroundings of a contaminant by this micro bubbling 
effectiveness, and it is thought that lift-off removal of the contaminant is carried out by this. Since this is 
made in ordinary temperature, contamination by the drug solution steam is reduced. From the batch 
immersion method immersed in a drug solution, the amount of dissolved hydrogen water and the pure water 
used can be reduced by making it the washing method of single wafer processing to a substrate still like 
before, and the miniaturization of equipment is also attained. 

[0026] At claim 2, the micro bubbling effectiveness of hydrogen improves because the hydrogen 
concentration of dissolved hydrogen water sets to 1.0-1.5 ppm. 

[0027] Since the dissolved hydrogen water which possessed the low-temperature washing method and 
ultrasonic supply means using a dissolved hydrogen water regurgitation means, and supplied the supersonic 
wave was breathed out on one front face of a substrate according to the substrate washing station of this 
invention according to claim 3, even if it does not use a high concentration drug solution like before, 
removal of the particle on a substrate and a pollutant can be performed. For this reason, a substrate front 
face is not polluted by high concentration drug solution evaporation etc. And in addition to this, a substrate 
is not further immersed in a drug solution like before, but since one substrate is made to breathe out 
dissolved hydrogen water at a time, the amount of the drug solution used is sharply reducible. Moreover, 
the miniaturization of equipment is attained in addition to this, and the throughput of washing is also 
improvable. The shift to the low-temperature washing process of the high concentration/high temperature 
processing which is the conventional semi-conductor substrate washing method from an RCA process can 
be performed by this, and contamination by the washing drug solution can be prevented by adoption of 
single-wafer-processing processing, and it is effective in the ability to reduce the amount of washing drug 
solutions, and exhaust air facility cost. 

[0028] Since the dissolved hydrogen water which possessed the low-temperature washing method and 
ultrasonic supply means using a dissolved hydrogen water regurgitation means, and supplied the supersonic 
wave was breathed out at the front face and rear face of a substrate according to the substrate washing 
station of this invention according to claim 4, even if it does not use a high concentration drug solution like 
before, removal of the particle on a substrate and a pollutant can be performed. For this reason, a 
substrate front face is not polluted by high concentration drug solution evaporation etc. And the amount of 
the drug solution used is sharply reducible by making it the double-sided washing method of single wafer 
processing which makes one substrate breathe out dissolved hydrogen water at a time rather than 
immersing a substrate in a drug solution like before further in addition to this. Moreover, the miniaturization 
of equipment is attained in addition to this, and the throujghput of washing is also improvable. The shift to 
the low-temperature washing process of the high concentration/high temperature processing which is the 
conventional semi-conductor substrate washing method like claim 3 from an RCA process can be 
performed by this, and contamination by the washing drug solution can be prevented by adoption of single- 
wafer-processing processing, and it is effective in the ability to reduce the amount of washing drug 
solutions, and exhaust air facility cost. 

[0029] In claim 5, since it has the pure-water regurgitation means which carries out the regurgitation of the 
pure water to the front face and rear face of a substrate, the dissolved hydrogen water which was used at 
the washing process and which remains is removable. 
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p p m«T©i t . ^ ;U£)&fi©IW&-CBfc* Wli 
<&9. 1. 5 p pmHh©iS. 3tt£©(Cis<,> 

tttt 1. 5ppm«±£Di«g(M'Stt^ 20 

[0012] it*m3ia*g(D*«!5fe^ii^«. mmum 

[0 0 l 3 ] COJi'ylC. ^l?*m*tttH^«:ffl^fc 
k/c^*fg*£S«©-*®Kti:fflL./c©-e\ fi&fc© 

< . «g&c i fe-ro^#7k#M<£ttmi* -tf£©rsii£© 

[0 0 l 4 ] W*^4iatg©»«j5fe^^g(i. St£#@ 

An L /cfg??*sfl**ffig©*lHfc J: o*»mk: ntui-r 5 i§ 

/Co 

[0 0 l 5 ] CCD^^CC. ?g#*^7ki!tai*^ffl(,^c 

r $ <e>cc c ntcftpxr fi£3fe©<fc ^ cca&£^jgK:as-f 

itj?-ro?g#?tc^7k^p±ai3-i±s so 
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[0016] »3}aS5 t2i£©««8at^tt. «*B4 
-rs^ttHi^^lix/c,, c©*^ &*£»«© 

[0017] 

^iSOKHia^-rfeor**. C©HS6©J&88©i5fe 
»2rSfitS*ft(Ctt. tt**«:*jR*/x*— je©«Ktc 

*^SSttl. 0~1. 5ppmt?*l,C 
&*sflS0l>. iltcfcl,^ ltt¥«ft&K. 2 **H 

>k 7«^a^f ?§?f*^q±a^x;u2*j 
j: v¥mwm&mmmw>m s xju 6 « . mmtfcmaz. 

corns. ¥m#MfcmMmt>msxti>6it. 

tin * -o r c n 6 © ✓ x>>u t mm $ nt c . 
[ooi8] -o^tciiecct^fctSfiS^ti/c. 

ot^K-3i»tswits. *^«««i*s^+> 

7rt©^+ i» ^g|55{C-fe-y h 500 rp 

mr*aW*»Rl*@|g3«<C3)*6. 1. 6 MHZ©® 
Wtt£tt«#il64iA:Sa (2 5'C) ©. *fRiS@[l. 
2p pm©^??*lg* ; S:ttm^X^2 J: 0 Bff SStttti 0 
1 ©aW?:^«>^» 6 ftfcB$ISiafc8> 

(*a« i ©aiB±«c*5t»rii>«c < <t i>?m#m& 1 ©* 

K«li46Mt*i(»1R 1 ©aM^<*(C?g^*5R* 

[0019] C©j§g-C«. #(C^«f*S« 1 ±-C. 8 
ftSLTt>fc**A5P±tti yX;l/2 tcftUx. 6>n/cjaffj^©ff 

■T S i <!: t CC*3R© 5 y**Wttt £. *®<*«« 1 



^m^htxtc^y^mAiic^^x^mwmm 1 <om>® 

&*:®?><D?$>Z>. COB$. ¥3lf£gtgl©Riiffil«>|5] 
»®ffi#ffl y XjU 6 «fc 0 *5&i§K 1 - 2 p p m©^#* 

7i>/7;u^)?SS(DM^-C^i^s< Ajro. 1. 5 
ppm«i(Dit. ffiffl^e&©CCftl>jEAtf!&£4«C 

1 . 5 p p mJU±©jfiKK!&£f£#itt < •€•© 
fc^ C©HSS©Jf^-C«:*sRigg£ 1 . 2ppmil 

[0 020] 0#>Sf£. *m&m& UlOOOrpm 

fflyX;U6J;«5. y >xffi^£^M»ttttiU-c3y»f* 20 
«S 1 sc. ft#i*irffli>/c^??^s&??*sS*£l&* 

¥iS&S«13: 1 5 0 0 r p mr[IIif£3t*-&#6iii:tl} s 

&&mutc&. ^^aJ5ck«3 

[002 1 ] fc*JbIfc9i l/fc J: ^ tc C ©H«6©J&8§©ifci* 30 
*fttMEJh®tfe?-. W*S^&c>*#Jg&4©r5^1t^ 
SrtT 5 c 4 . *j <fc o'*m#x <£ o r *ig&««aiH 

t>. 40 
[0 022] gt#5r^S^ojg#^*rtf ^© 

[0023] $ C©SStt©JBMWttifJfe!glll*l5* 
4-r5/c*©?5fe^*j ctO'U >X£#i£&«1£ 1 «c*{cff 

cfttc#i>^»©*£^§ffi&&ma*£<g£u>©-c 
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[0024] ft*>\ *Sgt^^X;Kitt*ttm^X;U 
[0025] 

«©3lffi(cR±ffi^.2>i?l4. *67k£»«tcittffiu ^# 
sie£*dt*©-c. a^iSKttS:^*. 

fc«S©«Rff*JR**S18«:ia:lHTS C 4 CC «fc 0 . SIS 

±©ttf-. «as«iflt*i»*-r*c43j»-c**. c©4 

4fc{C*3R©7^*;UA^e^TS. SULhWtt^/WW 

5*e>c©v-/ fa^y> jfg&m-ci58!$0t©ja •) (c 
7k^©v-f ^d/n-xjI/. *^-7y*^«t4**tt > *. cn 

tCfcoT^S&Bjfttfi'J? h*7|$£3tl& 4**6*1 
3. cniififittl? S©-cjg?8^f«cj:.5^Sfeas{E« 
3ns,, 3 6«cfie*©«fc^{c»S«:^it*«S-rs/>*^ 

*mm.?&fr 6 . tscsac©«**3««:-r 4 c 4 cc «t 9 . 

?g#*3g*. «*©ttffl«**fi«t?*»sB©^fbtJl 

[0026] «#JS2 -CO:. &&*%*©*3R2tl£tf 
1. 0~1. 5ppmit5Cit*f©v^i'a^5' 

[0027] C©%qB©m^S3ett©Sfi%iMaK(C 

8«©-aB{cttaH/fc©r. S£3fc©J:5&iSiggM?£ 
O «c < -T 4>S«±©«H\ ^Sft«W©|»**r * 
5. c©fc&. »«^B*^jSSIIjB^J6^fCJ:-5r^ 
Sfe<*ft&c4#&i>. -eors^fccntcflnxrsfctE© 

<£ 9 (cltS«l!l)Ktc««-r €>©t?«& < . S«(C 1 tW 

®-c#s. *fccti««-(c«a©/i>ssjb&»ia6n. «fe» 

©XJU-^y hfe55t#-C#S. C*UCj:i3fie*©¥>gffc 

^«»*scr**?Kj««/iifawaffl©R c a xa-fe x 
^6ffisSs^xp-fex^©^tf*i-e*. s/c^^a® 
©Sffltc J: -5 -cifc?t»IiiM«: «fc 5 »jft*s|»±'e # . ffi&m 

[0028] C©%9!©flt^ 4 ££©££%&&■«: 

^*s*tta^s ; &fflc^c<sa^^4ia 
as©*® fc j: u«e ccrtta u/c©-c. ee*© «t 9 & * 

•cse*© J: 5 {css*^g{c?*m-r s©-e«^c < . s« 

cc 1 tSrt*o«g??7k^**ttW3ttSfe^C©Mffii5t^ 
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[0029] «#js 5 -c« . n**mwL<Dmm*s ct o*» 9 
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